Fossil fuels, including coal, petroleum, natural gas, and nuclear energy, are the primary electricity sources currently. However, with depletion of fossil fuels, global warming, nuclear crisis, and increasing environmental consciousness, the demand for renewable energy resources has skyrocketed. Solar energy is one of the most popular renewable energy resources for meeting global energy demands. Even though there are abundant studies on various solar technology developments, there is a lack of studies on solar technology evaluation and selection. Therefore, this research develops a model using interpretive structural modeling (ISM), benefits, opportunities, costs, and risks concept (BOCR), and fuzzy analytic network process (FANP) to aggregate experts' opinions in evaluating current available solar cell technology. A case study in a photovoltaics (PV) firm is used to examine the practicality of the proposed model in selecting the most suitable technology for the firm in manufacturing new products.
Introduction
Energy is an essential element for civilization development of mankind and quality improvement of life. The use of fossil fuels and other natural resources has resulted in detrimental impacts on the environment, especially through the damage to the air, climate, water, land, and wildlife [1] . With increase in both environmental awareness and global demand for energy, the utilization of clean energy sources is necessary. Although global economic recession has slowed the demand for energy currently, renewable resources energy is still necessary for the green environment and for the economic growth in the long term. Solar energy, one of the promising and clean renewable energy sources, is becoming a favorable option of renewable energy source [2] .
Photovoltaic (PV) solar cells are semiconductor devices that transfer solar radiation into electricity by converting the energy of the sunlight to direct current electricity after photovoltaic effect [3] . The solar panels that consisted of several solar cells made up of photovoltaic material are the key device to generate the photovoltaic power. Due to the strong need for renewable energy of solar cells, solar photovoltaics is now the third most promising renewable energy source to provide cleaner and abundant energy after hydro-and wind power [4] . However, the major issue of solar cells encountered is still the high energy cost compared to conventional energy sources [5] . With the improvement in technology and increase in manufacturing scale, the cost of photovoltaics solar cells has reduced continuously since the first cells were produced [6] . The manufacturing of PV solar cells typically involves similar but simpler methods to those applied in chip fabrication. PV solar cells can be categorized into two major types: wafer-based silicon and thin film. Currently, cell materials applied to photovoltaic solar cells include crystalline silicon, III-V cells, thin film chalcogenide, amorphous/nanocrystalline silicon, and organic thin film or module, with different conversion efficiencies and manufacturing technology [7] .
Regardless of the effort in making proper cost-benefit solar cells by using new materials and new technologies, the predominant wafer-based silicon technology, or so-called first-generation solar cell [8] , is still expected to maintain its market share at levels of around 80% [4] . A lot of research continues in the field of silicon wafer-based solar cell to achieve the goal of lower cost and higher conversion efficiencies for obtaining the most possible electricity from the least amount of silicon [9] . There are two types of the crystalline solar cells: single crystalline silicon solar cells 2 Mathematical Problems in Engineering and polycrystalline silicon solar cells. The first one uses monocrystal substrates from pure homogenous silicon with the highest efficiency (up to 24%) [10] . The process of single crystalline is much like those applied to fabricate semiconductor chips; however, they are the most expensive to manufacture because of the need of a crystalline ingot of pure silicon [9] . Polycrystalline (also called multicrystalline) silicon wafers, which are a material consisting of multiple small silicon crystals, are made by melting and then solidifying silicon. The modules are made from an array of silicon wafers that have been connected together. With the characteristic of large areas manufacturing, polycrystalline solar cells currently have the largest share of the market, with equivalent module efficiency and lower fabricating costs than the monocrystalline type.
With the huge growth expectations of thin film solar cell technologies, the competing market price of crystallinesilicon has slowed the development of thin film solar cell. The latter is expected to grow anyway at a lower rate because of its potential reduction of production costs, low material consumption, lower energy consumption, and a shorter energy payback time [11] . Therefore the thin film solar cells will stabilize their market share over the next five years [4] . The silicon wafers used to make crystalline silicon solar cells are costly, composed of 20-40% of the final module cost [12] . In opposite, thin film solar cells require only a few microns of thickness of silicon on substrate compared to hundreds of microns of thickness for a wafer-based cell [8] . Nevertheless, there are some aspects that need to be improved for the thin film solar cells technology such as better solar radiation conversion efficiency, more product stability for different absorption rates of lights with different wavelengths, and lower deterioration capability after extensive sun exposure for longer product lifetime [13] . There is also a third-generation solar cell technology, which attempts to improve the conversion efficiencies light radiation of thin film technologies to 30-60% while maintaining low production costs [8] . Some approaches include multijunction photovoltaic cell (multiple energy threshold devices), modifying incident spectrum (concentration), using excess thermal generation (by UV light), and using infrared spectrum [8] .
Advanced production technologies can help reduce production cost, improve product quality, and increase yield rate, and these technologies can be related to process engineering, system integration, production automation, and process equipment [13] . Furthermore, the introduction of new materials (such as nano-and microcrystalline silicon thin film solar cell), advanced devices (such as laser scriber), and new methods (such as extremely thin absorber) can also enhance solar conversion efficiency, decrease production costs, and extend product lifetime [3, 14] . The demand of raw materials increases substantially [13] . For example, glass substrate and silane, the material for making crystalline silicon, are essential materials for making thin film solar cells and modules [14] .
Even though there are abundant studies on the development of various solar technologies, there are very few studies on solar technology evaluation and selection. To survive in the global competition, firms need continuously to develop new products these days. Before a new technology is introduced, a firm needs to consider and evaluate available technologies first and then select the most suitable one in an efficient way. It is a multidisciplinary process to make the decision in choosing the most appropriate technology to fabricate products since this process needs to integrate different professional knowledge, production management, and market trend. Therefore, the decision should not only consider the expected benefits a technology can bring in making the final products with specified quality, but also cover other aspects, such as opportunities, costs, and risks. As a result, the technology selection is a sophisticated evaluation process which must consider multiple attributes.
Technology selection is not a new research topic; however, very little research has examined the interrelationship of the criteria in the decision making process and considered the positive and negative aspects of the alternatives simultaneously. Thus, this paper, based on the model proposed by Lee et al. [15] , constructed a refined model. The model applies interpretive structural modeling (ISM) to take into account the interrelationship of the criteria and adopts benefits, opportunities, costs, and risks (BOCR) merits to consider the various aspects of the alternatives. Fuzzy set theory is applied to the analytic network process (ANP) model, or so-called FANP, for the selection of solar cell technologies. By applying the fuzzy set theory, the model can consider the uncertainty and fuzziness of experts' opinions. As a result, a more credible decision can be made. In addition, the model can help experts understand the problem comprehensively, so that different aspects can be examined in evaluating various solar cell technologies. The remaining part of this paper is organized as follows. Section 2 studies some recent technology evaluation models. Section 3 reviews the works of the solar industry in Taiwan. Section 4 develops a systematic model for evaluating solar cell technologies. In Section 5, the model is applied to a solar cell manufacturer in Taiwan for technology selection. The last section contains the conclusions.
Review of Technology Evaluation Models
Many approaches on technology evaluation have been presented in previous studies. Internal rate of return (IRR), net present value (NPV), return on investment (ROI), and payback period (PB) have been traditionally applied to evaluate technology alternatives from financial viewpoint [16] . Three basic types for evaluating a technology's economic value are cost approach, market approach, and income approach [17] . Other than the financial value of technologies, elements, such as product quality, time to completion, flexibility, price, legal protection, scope of application, and capacity expansion, are often considered [17, 18] .
Technology evaluation problem is a multicriteria decision making (MCDM) problem, and it should involve the opinions of multiple experts and consider fuzzy assessments [15] . Some of recent works are reviewed as follows. Hung and Tseng [17] considered four major factors, technology market factor, legal protection factor, product market factor, and cost dimension factor, and proposed a technology evaluation framework. Hsu et al. [19] acquired the critical factors of Mathematical Problems in Engineering 3 regenerative technologies by adopting fuzzy Delphi method and calculated the importance of each evaluation criterion using fuzzy analytic hierarchy process (FAHP). Lee et al. [15] presented an integrated model for evaluating various technologies for new product development for flat panel manufacturing. The model adopted benefits, opportunities, costs, and risks (BOCR), ISM, and FANP to facilitate the evaluation process. Kang et al. [20] proposed a model that adopted ISM and FANP to assess different available technologies for a flat panel manufacturer. Alamian et al. [21] aimed to evaluate technologies for harvesting wave energy in the Caspian Sea. The most important design parameters for wave energy converter devices were identified first, and the major features, including power production, sea conditions, device installation, and electrical system, were listed in a benchmark table. With assigned weighting for each factor, the synthesized scores for each technology were obtained. Bassano et al. [22] performed a modeling and economic evaluation of the integration of carbon capture and storage technologies into coal-to-liquid plants. The system configuration and plant performance were evaluated first using Aspen Plus software, and the economic analysis, including the IRR, PB, and NPV, was performed next.
To summarize, even though technology evaluation is a MCDM problem in nature, relatively few models have been proposed. This study applies and revises the model proposed by Lee et al. [15] and constructs a model for evaluating solar cell technologies that should be used in solar cell production. While triangular fuzzy numbers are adopted in Lee et al. [15] , both triangular and trapezoidal fuzzy numbers are adopted in this work. In addition, -cuts integral approach is applied to defuzzification here, instead of the center of gravity method, which is applied in Lee et al. [15] .
Studies of the Solar Industry in Taiwan
The solar industry in Taiwan has a great potential in the global market due to the technical advantages gained from the semiconductor industry and the TFT-LCD industry [20] . In the past few years, many PV firms have been developed in the market. Some studies on the solar industry in Taiwan are briefly reviewed here. Lee [23] constructed an industrial portfolio analysis model to evaluate the industrial innovation requirements and national policies that were necessary for the development of Taiwan's solar cell industry. Data collection included literature analysis, expert interview, and general survey, and the relationship between market growth curve and industrial production chain was analyzed. Lai [24] studied the localized core competencies of the PV industry in Taiwan through literature reviews and interviews with experts in the industry and used Michael Porter's diamond model, Andrew Grove's six forces analysis, value chain analysis, and SWOT analysis to analyze these competencies. Several competitive strategies were then proposed to help establish a unique position in the global PV industry for Taiwan. Yue and Wang [25] established an evaluation model for developing renewable energy sources, including wind, solar, and biomass energy sources, in Chigu area of southwestern Taiwan by analyzing technical, economic, environmental, and political implications. A GIS is used to assess the local conditions, and factors such as climate conditions, land uses, and ecological environments are considered. Chen et al. [26] studied the development of various renewable energies in Taiwan, reviewed the promotional and subsidy programs implemented by the Taiwanese government, and proposed future plans achievements. Ting [27] reviewed the development of solar cell technology, status of global industry, and strategy of major companies and discussed the dynamics and trend of the industry. The study described the performance and strategy of the leader companies in Taiwan and discussed the competitive advantage and positioning of the companies. Chen [28] studied historical data to understand the development and current situation of global and Taiwan's thin film PV industry. The competitiveness of the industries in different countries was analyzed, and a recommendation was proposed to increase the competitive advantages of the industry in Taiwan. Welling [29] analyzed Taiwan's solar cell process equipment industry based on an innovative intensive service analysis model by structuring a 4 by 5 matrix, encompassing four customization levels and five innovation levels, in order to study the strategic position and future development trend of the industry. Hwang [30] also reviewed promotional policy of renewable energy in Taiwan. The growth opportunities of individual renewable energies by considering the technology development, domestic conditions, and indigenous industries related to renewable energy were suggested. Lee et al. [31] studied the current business performance of PV firms in Taiwan and proposed a performance evaluation model by integrating analytic hierarchy process (AHP) and data envelopment analysis (DEA). Lee et al. [32] proposed a two-stage performance evaluation framework for PV firms. In the first stage, assurance regions (AR) of the factors were set by the FAHP and the business performance of the firms was evaluated by the DEA. In the second stage, the changes in efficiency of each firm over time were assessed by the Malmquist productivity index (MPI).
A Systematic Model for Evaluating Solar Cell Technologies
A model, based on the model proposed by Saaty [33] , Saaty [34] , Lee et al. [15] , and Kang et al. [35] , is constructed here to help evaluate suitable solar cell technologies in a firm. The model incorporates ISM, FANP, and BOCR and contains three phases: the construction of control hierarchy and BOCR-ANP network, the calculation of priority weights, and the ranking of technology alternatives. The steps are as follows.
Step 1. Form a committee of experts in a solar firm to define the solar cell technology evaluation problem.
Phase I: The Construction of Control Hierarchy and BOCR-ANP Network
Step 2. Develop a control hierarchy for the solar cell technology evaluation problem. The control hierarchy has several strategic criteria and four merits, benefits ( ), opportunities ( ), costs ( ), and risks ( ), as shown in Figure 1 . The goal of the control hierarchy is to determine the importance of the four merits, which are b, o, c, and r, respectively.
Step 3. Develop a network with BOCR subnetworks. Based on literature review and interview with the experts, the problem can be decomposed into a network, as depicted in Figure 2 . To attain the goal of selecting the most appropriate solar cell technology, we need to consider four merits ( , , , and ). Thus, a subnetwork is formed for each merit. For instance, the benefits ( ) subnetwork contains some criteria that need to achieve the benefits aspect, and these criteria may be interrelated. In addition, technology alternatives are in the lowest level for evaluation.
Step 4. Develop a relation matrix for the criteria under each merit. Experts are asked to identify whether there is a relation between any two criteria and what the direction of the relation is. Then, a relation matrix D is built to show the contextual relationship among the criteria for merit . Consider
where is the relation between criteria and . If is reachable from , = 1; otherwise, = 0.
Step 5. Construct an initial reachability matrix for each merit. By adding D with the unit matrix I, the initial reachability matrix R is calculated:
Step 6. Calculate the final reachability matrix R * for each merit. Convergence of the relationship can be met using the operators of the Boolean multiplication and addition. That is, 0 × 0 = 0, 1 × 0 = 0 × 1 = 0, 1 × 1 = 1, 0 + 0 = 0, 1 + 0 = 0 + 1 = 1, and 1 + 1 = 1. The final reachability matrix R * is
where * is the impact of criterion x i to criterion x j under merit M.
Step 7. Develop a subnetwork for the criteria under each merit based on R * for the merit.
Phase II: The Calculation of Priority Weights
Step 8. Prepare a questionnaire based on Figures 1 and 2 and the subnetworks developed in Step 7. Based on Figure 1 , the questionnaire contains the pairwise comparison of the importance of the strategic criteria and the rating of the importance of each merit ( , , , and ) with respect to each strategic criterion. Based on Figure 2 and the subnetworks developed in Step 7, the questionnaire contains the pairwise comparison of the importance of the criteria under each merit, the pairwise comparison of the interdependence
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Criterion o2
Criterion c1
Criterion c2
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Benefits (B) subnetwork among the criteria under each merit, and the pairwise comparison of the expected performance of the technologies under each criterion. The experts in the firm are asked to fill out the questionnaire.
Step 9. Based on the control hierarchy, two kinds of information are collected through the questionnaire. First, experts merit ( , , , and ) on each strategic criterion is determined by the experts also using a seven-step scale, as shown in Figure 4 .
Step 10. Calculate the importance of the strategic criteria. Aggregate experts' responses by employing geometric average approach, and a synthetic trapezoid fuzzy number is calculated as follows:̃=
wherẽis the pairwise comparison value between strategic criteria and determined by expert . Defuzzify fuzzy number̃into a crisp number using Yager [36] ranking method, and the -cuts of the fuzzy numbers are listed in Table 1 :
After defuzzification, the aggregated pairwise comparison matrix is
Priority vector for the aggregated comparison matrix is derived:
where W is the aggregated comparison matrix, is the eigenvector, and max is the largest eigenvalue of W .
Step 11. Check the consistency of the aggregated comparison matrix. The consistency index (CI) and consistency ratio (CR) are [33, 37] 
where is the number of items being compared in the matrix and RI is random index [37] . The experts are asked to revise the part of the questionnaire if there is an inconsistency, and the calculations in
Step 10 are done again. Once the consistency test is passed, the priorities of the strategic criteria are determined.
Step 12. Calculate the importance of each merit ( , , , and ) with respect to each strategic criterion. Based on the information collected in Step 9, aggregate experts' responses using the geometric average approach. Yager ranking method [36] is used to defuzzify each fuzzy number into a crisp number.
Step 13. Calculate the priorities of the merits. The priority of a merit is obtained by multiplying the importance of the merit on each strategic criterion from Step 12 with the priority of the respective strategic criterion from Step 11 and summing up the calculated values for the merit. The priorities of benefits, opportunities, costs, and risks, that is, b, o, c, and r, are calculated by normalizing the calculated values of the four merits.
Step 14. Calculate the relevant priorities on the BOCR-ANP network in Figure 2 and the subnetworks developed in Step 7. A similar procedure as in Steps 10 and 11 is adopted to calculate the relative importance weights of the criteria with respect to the same upper-level merit, the interdependence of the criteria with respect to the same upper-level merit, and the expected relative performance of technologies with respect to each criterion.
Phase III: The Ranking of Technology Alternatives
Step 15. Prepare an unweighted supermatrix for each merit using the priorities obtained from Step 14, as depicted in the following matrix, where is a vector that shows the impact of merit M on the criteria, W represents the interdependency of the criteria, W is a matrix that indicates the impact of criteria on each alternative, and I is the identity matrix.
Unweighted supermatrix for merit [15] is Delivery-on-time rate (b2) efficiency (b4) reduction (b3) Figure 7 : Subnetwork for the criteria under the benefits merit.
Step 16. Obtain the weighted supermatrix for each merit subnetwork. One approach is to determine the relative importance of the clusters in the supermatrix with the column cluster (block) as the controlling component [33] . Another popular approach is to assign equal weights to the blocks in the same column and to make each column sum to unity [38] .
Step 17. Obtain the priorities of technology alternatives under each merit subnetwork. Calculate the limit supermatrix for each merit subnetwork by raising the weighted supermatrix to powers. The priorities of the technology alternatives under each merit are found in the alternative-to-goal column of the limit supermatrix of the merit.
Step 18. Obtain overall priorities of the technology alternatives by synthesizing the priorities of each alternative under each merit from Step 17 with the corresponding normalized weights b, o, c, and r from Step 13. Five popular ways can be used to calculate the overall priority of each alternative [34] .
where , , , and represent the synthesized results of alternative t under merits , , , and , respectively, and , , , and are normalized weights of merits , , , and , respectively.
Probabilistic Additive. Consider
Subtractive. Consider
Multiplicative Priority Powers. Consider
Multiplicative. Consider
Step 19. Perform sensitivity analysis to examine the robustness of the outcomes. By changing the priorities of the merits, Steps 15-18 are performed again to check whether the ranking of alternatives changes and at what priority the ranking changes.
Case Study
The proposed model is applied to an anonymous solar cell manufacturer in Taiwan to select the most suitable solar cell technology. A comprehensive literature review is done first, and some experts in the solar cell technology field are interviewed. A control hierarchy and an ANP-BOCR network are developed by the authors and verified by the experts, as shown in Figures 5 and 6 , respectively. Four strategic criteria are named: manufacturing capability, market demand, financial performance, and social responsibility. The four merits are benefits ( ), opportunities ( ), costs ( ), and risks ( ), under each of which there are a number of criteria. For instance, the benefits that may be acquired from adopting a solar cell technology include mass production technology ( 1), delivery-on-time rate ( 2), material usage reduction 
Using
Step 5, we can obtain the initial reachability matrix R for the criteria under benefits: 
Mathematical Problems in Engineering 9
After the calculation, the final reachability matrix R * for the criteria under benefitsis
Based on R * , we can determine the interrelationship among the four criteria under benefits, as shown in Figure 7 .
The direction of an arrow shows the dependence, and a twoway arrow means that the two criteria are interdependent. Using the same procedure, the interrelationships among the criteria under the other three merits are determined, as shown in Figures 8, 9 , and 10, respectively.
Based on the network in Figure 6 and the interrelationship among the criteria under the four merits in Figure 7 to Figure 10 , a questionnaire is prepared. Nine experts, including one project manager, one engineering manager, one production manager, two senior R and D engineers, two quality managers, and two marketing managers, in the firm are asked to fill out the questionnaire. For example, the four strategic criteria are pairwise compared using seven different linguistic terms shown in Figure 3 . An aggregated pairwise comparison matrix is prepared next to synthesize experts' opinions. For example, the pairwise comparisons between manufacturing capability ( 1) and market demand ( 2) by the experts are "little high, " "equal, " "equal, " "little high, " "equal, " "little high, " "equal, " "little high, " and "little high. " The fuzzy numbers are (1.5, 2.5, 2.5, 3.5), (1, 1, 1.5, 2.5), (1, 1, 1 .5, 2.5), (1.5, 2.5, 2.5, 3.5), (1, 1, 1.5, 2.5), (1.5, 2.5, 2.5, 3.5), (1, 1, 1.5, 2.5), (1.5, 2.5, 2.5, 3.5), and (1.5, 2.5, 2.5, 3.5). By applying (4), the aggregated trapezoid fuzzy number is 
The fuzzy aggregated pairwise comparison matrix for the strategic criteria is w = . (20) Then, the priority vector, that is, , and max of W are calculated using (7) 
Because CR is less than 0.1, the consistency test is passed. In the opinions of the experts, manufacturing capability ( 1) is the most important strategic criterion with a priority of 0.381, followed by market demand ( 2) with a priority of 0.358.
Next, the importance of each merit to each strategic criterion is determined. A seven-level linguistic scale is used to collect the experts' opinions in the questionnaire, and each linguistic scale is assigned a trapezoid fuzzy number. The outcomes from the experts are aggregated using the geometric average method, and the fuzzy numbers are defuzzified by the Yager [36] ranking method. Table 2 shows the integrated fuzzy weights of the four merits on strategic criteria. The overall priorities of the four merits can then be calculated based on the priorities of strategic criteria and the defuzzified weights of the four merits. The results are shown in Table 3 . The normalized priorities of the four merits are listed in the last column of Table 3 : benefits ( ), 0.295; opportunities ( ), 0.216; costs ( ), 0.266; and risks ( ), 0.223.
Based on the opinions of the experts collected from the questionnaire, we can further calculate the priorities of the criteria with respect to each merit, the interrelationship among the criteria under each merit, and the expected relative performance of the technologies under each criterion. That is, the collected data are synthesized into aggregated pairwise comparison matrices using the geometric average method first, and the Yager [36] ranking method is adopted next
Equipment
Power generation Market scale and Policy/regulation R and D capability Yield rate (o1) technology (o2) r e q u i r e m e n t ( o3) stability (o4) and speed (o5) growth (o6) Figure 8 : Subnetwork for the criteria under the opportunities merit.
Production cost
Investment cost Product quality (c1) (c2) Material cost (c4) and reliability (c3) Figure 9 : Subnetwork for the criteria under the costs merit.
Price of other renewable energy Financial
Fossil fuels price Material source Environmental pollution of sources (r5) capability (r1) (r2) (r4) production (r3) Figure 10 : Subnetwork for the criteria under the risks merit. to calculate defuzzified comparison matrices. Based on the defuzzified aggregated comparison matrices, we can calculate the priority vectors. Then, the priority vectors are entered into the designated places in an unweighted supermatrix. The unweighted supermatrix for the benefits merit is as shown in Table 4 . A weighted supermatrix is formed to make the matrix stochastic, as shown in Table 5 . By taking the weighted supermatrix to a large power, a limit supermatrix is calculated, as shown in Table 6 . The (3,1) block of the limit supermatrix shows the priorities of the solar cell technology alternatives. Under the benefits merit, the priorities for 1, The relative performances of solar cell technology alternatives under each merit are shown in Table 7 . Under the benefits merit, crystalline silicon cell ( 2) performs the best with a priority of 0.256, followed by dye sensitized solar cell ( 1) with 0.243 and concentrating cell (GaAs) ( 3) with 0.199. Under the opportunities merit, dye sensitized solar cell (DSSC) ( 1) performs the best with a priority of 0.236, followed by organic cell ( 5) with 0.199. Under the costs merit, concentrating cell (GaAs) ( 3) is the least costly with a normalized reciprocal priority of 0.242, followed by crystalline silicon cell ( 2) with 0.226. Under the risks merit, the least risky alternative is crystalline silicon cell ( 2) with a normalized reciprocal priority of 0.317, followed by thin film cell ( 4) with 0.183 and concentrating cell (GaAs) ( 3) with 0.182. The results show that crystalline silicon cell ( 2) ranks the first under the benefits and risks merits, dye sensitized solar cell (DSSC) ( 1) ranks the first under the opportunities merit, and concentrating cell (GaAs) ( 3) ranks the first under the costs merit. Because the performances of the alternatives under each merit are different, the final ranking of the five alternatives is not clear.
By aggregating the scores of each alternative under , , , and , the final ranking of the alternatives can be calculated. There are five methods for accomplishing the task, that is, additive, probabilistic additive, subtractive, multiplicative priority powers, and multiplicative. Table 8 shows the results. The priority of dye sensitized solar cell (DSSC) ( 1) using each of the five methods is calculated as follows. 
No matter which aggregation method is used, crystalline silicon cell ( 2) always ranks the first, dye sensitized solar cell (DSSC) ( 1) the second, and concentrating cell (GaAs) ( 3) the third. A sensitivity analysis is performed next to examine the robustness of the outcomes. The software Super Decisions [36] is applied to fulfill the task. The priorities of the merits are changed to observe whether the ranking of alternatives changes. Figures 11(1) , 11(2), 11(3), and 11(4) show the sensitivity analysis graphs under the additive method when the priority of benefits, opportunities, costs, and risks changes, respectively. The best technology may change when the priorities of the merits change. For example, the original priority of benefits ( ) is 0.295, and the best alternative overall is 2. However, when increases from 0.295 to 0.750, the best alternative shifts from 2 to 1. The original priority of opportunities ( ) is 0.216. When o increases from 0.216 to 0.471, the best alternative changes from 2 to 1. The original priority of costs ( ) is 0.266. When increases from 0.266 to 0.755, the best alternative shifts from 2 to 3. The original priority of risks (r) is 0.223. When decreases from 0.223 to 0.116, the best alternative changes from 2 to 1. Since it is unlikely that the priorities of the four merits will have such big changes, the current solution is rather robust.
The management needs to understand the importance of the criteria when making the solar cell technology selection decision, and such information can be obtained from the calculation results. The importance of the criteria under each of the four merits is shown in Table 9 . The most important criterion under the benefits merit is conversion efficiency ( 4), with a priority of 0.329. This indicates that the major benefit considered when selecting a technology is the efficiency for conversing solar power to electricity. The second and third criteria are material usage reduction ( 3) (0.274) and deliveryon-time rate ( 2) (0.218). Under the opportunities merit, R and D capability and speed ( 5) (0.225) is the most important criterion, and power generation stability ( 4) (0.214) ranks the second. Under the costs merit, product quality and reliability ( 3) (0.328) is the major concern, followed by material cost ( 4) (0.290). Under the risks merit, fossil fuels price ( 2) (0.270) is what the firm concerns the most since it may affect the demand of renewable energy. Material source ( 4) (0.222) ranks the second. The integrated priorities of criteria and their respective rankings are also shown in Table 9 . Among all the criteria, conversion efficiency ( 4), with an integrated priority of 0.0971 in the network, is the most important concern in selecting a technology. Other important criteria include product quality and reliability ( 3), material usage reduction ( 3), material cost ( 4), and investment cost ( 2) . In the case study, the expected performance of alternatives with respect to each criterion can be learned. The performance results are found in the (3,2) block of the limit supermatrix. For instance, the relative performances of 1 to 5 under mass production technology ( 1) are shown in the first column of the (3,2) block of the limit supermatrix for the benefits merit in Table 6 , and they are 0.232, 0.232, 0.208, 0.205, and 0.123, respectively. The performances of the alternatives under various criteria are shown in Table 10 . The best performance of an alternative under each criterion is shown in bold. Under mass production technology ( 1), both 1 and 2 perform the best. 1 performs the best under 8 criteria. 2, 4, and 5 perform the best under 6, 2, and 2 criteria, respectively. Even though 1 performs the best in more criteria than 2 does, crystalline silicone cell ( 2), with the consideration of different criterion importance weights, has the most outstanding performance ovserall.
In conclusion, the criteria of solar technology can be logically identified, organized, reviewed, and concluded by this model to avoid the rank bias and halo effect [39] in group discussion. In addition, the quality of final decision can be more consistent through this systematic process.
Conclusions
With natural resource scarcity and environmental protection, renewable energy sources have been recognized as the last resort for future economic development, and solar energy is one of the most promising renewable energy sources from the perspective of environmental sustainability. However, the PV market is facing a rather volatile market cycle in response to the global economic condition. A PV firm must have a solid foundation in its technology in order to survive and to lead the market in the future. Therefore, good evaluation and selection of the most appropriate technology become a complicated decision that a firm often encounters.
This research constructed an integrated model, which incorporates interpretive structural modeling (ISM), benefits, opportunities, costs, and risks concept (BOCR), and fuzzy analytic network process (FANP), for facilitating the evaluation of technologies. The model consists of three phases. In the first phase, a control hierarchy and a BOCR-ANP network are constructed. In the second phase, the relevant priority weights in the control hierarchy and the BOCR-ANP network are calculated. In the last phase, the technology alternatives are ranked. The proposed model is implemented in a solar cell firm to help select the most suitable solar cell technologies.
This evaluation model is constructed under known technology of solar cell for technology selection for mass production. By applying the proposed model, experts can understand the expected performance of technology alternatives based on different criteria and merits. The overall ranking of the technologies can be calculated as a result. Further studies can be conducted for the conceptualized or developing stage of solar cell technology to facilitate decision making on new technology development to ensure the success of new product introduction. In addition, based on the special needs of a firm, the proposed model can be adjusted as required by the firm in the PV industry or in another industry to help select the most suitable technology.
